LEGIBILITY NOTICE:

A major purpose of the Techni-
cal Information Center is to provide
the broadest dissemination posst-
ble of information contained in
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
staie and local governments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.

1



LA-UR -89-2381

<33 Alamcs Nauonar Lacoratary 18 operaied Dy the Uriversity of Cauforra ‘or ihe United States Department of Energy unaer conrtrac: W-"40S5-ENG. 16

AN |

4

0 T 1989

e METAL MULTILAYER MIRRORS FOR EUV WIDE FIELD TELESCOPES

LA-UR--89-2381
DE89 015262
Barham W, Smith, ESS-9

Jeffrev J. Bloch, ESS-9
Diane Roussel-Dupre', ESS-9

AUTHOR(S,

“-BMTTEC TS SPIE Procevdings

DISCLAIMER

uttt b oaaeh spuinested hy an agemy o the Uooited Mates

Thic ropuet! woan v rpraged i b
Coonetnment  Serthor the | omitesd Sates Conetmment nor any agepoy thereat e aoy o thean
YUY RTY LENRIINT LA TIE WY TR aperss oanphed o eurmes iy egai Yeatility 1 respuiny
rapletepness o gartalaees b et antortagbeen appad e e bt
oty cweal aghte Helte

E Mgbity o the oLt .
[t ome LRSS TV YT TR T T IIL R D S oA a1 nlnnge

aoa . o ' TV T | IR T I e PRI T} o Crnlevrark

\ P o P N I T

[
e o n o Liltgh H
e oot te, o

AR LT W) @1 SONBE G iv® Dy Ay e o mene g |

Ll N AL IR LT 1Y
IRET TEY Y LIRS ITY 1Y

L T TR T LA
LI I N Y . L I TP Y YEL U TR V7 SR PR
e LYNC I Bl SN L] At R e eaty TRt ta b g e @, Ry LB AN WOE P NE] Lrrer The Juap ey Pl e e[ arrre ot LI
6 N9

\(r- /\ C-"}m? )(\)ﬁ Los Alamos N'momILabor“ﬂcfv\éTER

__]

U Los Alamos New Mexico 87545
UISTRIBUTION OF THIS DOCUMENT 'S N, IMITVED



About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


Metal multilayer mirrors for EUV wide fieid telescopes
Barham W. Smith, Jeffrey J. Bloch, and Diare Roussel-Dupre’

Space Astronomy and Astrophysics Group
Los Alamos National Laboratory

ABSTRACT

Metal multilayer mirrors have been designed for the ALEXIS satellite, which is 1o carry six wide ficld welescopes to
perform an all-sky survey in three or four narrow wavelength bands in the EUV. Comprised of alicmating layers of
molybdenum and silicon, the mirrors are optimized to provide maximum reflectivity at angles from 11.5 to 17° off
normal incidence and at wavclengths of 133, 171, or 1864 . Simultancously, the mirrors usc a "wavetrap” described
below to suppress reflectivity at 304A, where the extremely strong geocoronal line of He Il causes severe back-
ground problems.

Low reflecuvity at 304A is achieved by superposing two layer pairs that provide destructive interference with an
effective 2d spacing of 152A. The Mo layers in this wavetrap must be very thin, about 10X cach, in order to
allow the shorer wavelengths desired for peak reflectivity to penctrate without significant atienuation.  Because
refracuon changes the cffective angle of passage through the wavetrap, a joint optimization between layer
thicknesses in the deep layers and the wavctrap layers must be performed for cach target pecak wavclength. For the
186A murror, the opimum design from substrate upward is 40 layer pairs, cach 74 Siand 31A Mo, followed by 2
layer pours. each $S& Si and 108 Mo. Calkulations predict this design will have a peak reflectivity at 186A of 35
percent and a 4R reflectivity less than 107, if available optical constants are correct and the multilayer can be
fabricated without difficulty. We wtll present details of the calculauons and laboratory mcasurements of the
reflecuvity performance attained with prototype marrors.

1. INTRODUCTION

The ALEXIS satellite’ 1s designed 1o survey the entire sky in several narrow wavelength bands, centered on 1ron
emission hines from hot interstellar plasma? and on a band 1 the continuum of hot stellar objects. It wall carry six
wlescopes using meta! mululayer mirrors o0 focus this cosmic extreme uitraviolet (EUV) hight. Consisting of 50 to
100 alternaang layers of molybdenum (Mo) and silicon (S1), the mululayers (also called layered synthetic micro-
structures) reflect ECY hight at ncar normal incidence. Telescoyes employing similar mululayer mumos were
recently flown on a rocket fligat to observe the solar corona’. The ALEXIS mululayers will be vacuum deposited
by magnetron sputicring using argon gas. Design of the mululayers 1s the subject of this paper.

2. CALCULATIONS

Opumizations were performed, with a computer code that uses the solution method of Bom and Wolf, w determine
the laver thicknesses yickding the best compromise of hagh peak reflectivity and low hackground seflectivity, an
doscribed below Optical constants were adopted for Mo (rom Windi* and for $1 trom Palk®

Peab. reflectivity s obtnned approsimately by tuning the spacing of the Mo/Si layers unul the Bragg condition
tdantd a A where o s the ol thickness of Mo plus S0 cach layer par. 8 s the angle of reflecuon, aoas a pose
tuve ateger, and A s the wavelengthy s satished for the working wavelength with a1 tor the desieed angle 8
thved by the opucal designy Further fine tuming s necessary because of refrm ton and absorption effects

While maninuzang peak reflectivaty we must mimimize background ieflecivity - Our most senous background in low
carth orbit wall be the geovoronal eonsvion ot onized heham at WOIA - Consisting of resonantly scattered solir hine
riation and fuorescence. this sidiation s very inense ap o 13 rayleighs). perhages 100 times as strong as the ag
nal we are auempung o measare Ssom antenstellar plasma Therefone we must achiese arejecnon ratio ol at least
17 between WA and the peak wavelength tor cach manor . Whatever pant of this tatio cannot be attaned by
ratio of reflectvities at the two wavelengths must be supphicd by filtrton, which cuts oo sensitivats - To solve this
problem we have caplored twa hinds of mualtlaver sttuctures that minemize etlecion of e ntror ae 4A wathout



severely degrading the reflecuvity at the peak wavelength.

One design that reduces 304A reflection simply decreases the thickness of Mo layers while keeping the o -spacing
the same. When Mo occupies less than about 20 percent of d, the 304A reflectvity s reduced 1o less than 107,
but unfortunatcly the peak reflecuvity also 1s reduced to about 70 percent of the atinable maximum.

The second kind of structure employs a “wavetrap”, consisung of two layer pairs laid down on top of the other
layers.  To suppress reficction of 304A background, the effective 2d -spacing must be 152A so that standing wave
pattems are sct up that destructively interfere with the reflected wave. The 304A radiauon s then absorbed within
the mululayer. Since the standing waves thus set up utize the deeper Mo layers (1. ¢, those spaced for the peak
reflecuvaty) as reflectors, determination of the opumum 4 -spacing and Mo layer thickness in a wavewaap depends on
the thicknesses of the deeper layers. We have compured models that have good peak reflecivaty and 3(4A
reflectvities as low as 107,

3. LABORATORY APPARATLUS

An EUV retlectometer has been constructed at Los Alamos w provide a facibty for measurement and testing ol
multlayer marrors and for calibraton of complewed ALEXIS telescope assemblies. The layout, pictured an Fig. ),
consists of a Penming discharge hght source (Berkeley Photonues, Inc., Model PDS; interchangeable with a Manson
X-ray source) tlummmaung a Heunck Scientific "HIREFS 1647 monochromator (100-1500A). Argon gas s excited
and sputters aluminum clectrode s, producing a hne-nch discharge.  Hehum gas s also used with stindess steel clec-
trodes. The monochromatized EUY beam s channeled through a tilter wheel into a reflectometer of standard design
mn g vacuum chamber wath a diameter ot (L9 meter.

Since the Penming discharge output 1s spontancously vanable, the beam inwensity 1is monitored on 0.3 s antenals by
mtercepting o part of 1t wath a channcltron detector.  The enure procedure of wking data for a rocking cutve s
automated through a Sun scientitic workstauon that controls positioning motors and accumulates reflecivity data

4. UNIFORMITY OF LAYERS

A major insuc s the unmiformity of the spattered layers, for roughness causes scattering of incident light out ot the
geometnic opucal path and thus loss of sensiuvity.  Our specitication for uniformaty ¢! o -spacing s 1 percent RMS
Ovomies, Ine s under contract 1o fabnicate the mululayer mirrons. The magonity of ctiort so far under this contriwt
has been to design shaper bars for the sputtcning deposition system that produce layers of this undormny  Measure
ments o date on sample marrors aindieate ataimment of uniformaty of better than 2 percent over a 1S-0m e
Although these samples were not spun duning depositon the fhight murrors waill be spun to further smprove umibor
mity  The thght murrors will have o 12 8.cm diameter and a 13.5.cm radius of curvatu, e

£ RESULTS
The wascetrap design tor WA v kground repection requires very thin Mo layers, as hide as 10A A sampie has
heen fabnicated W verty that lavers this thin can be tabncated. consisting of 10 Mao/St Yayer pars cach appronnaie
tor the actual wavetrap miror owhich has onby two such layer pars) While Cu Ko i tomeiry and Aupger cla

uon spectromopy (AESY confirm g 63A o spacing in this saple, there are sigmiticant dittereices betwecn (om
puted and measured reflecuvities at T70A that are not understood

Samiple multslaver mirroes Tabrcated by Ovomies, Ine o the speaitications tor the 18OA rrony have been
recened  Reflectany curves have been obtaned at inadent woselengths ol 1700 05600 and 308A The Penming
dise haree antortumatehy does not et signtheant Quy at 186A

The saimple recetved most recenth was designed with the strwcture ctrone Sieowader sabstrate apwardy W faver
parrs. e b A S and UA Mo followed by D laver pairs othe 04A snetrap, cach SSA Seand TOA Moo Thas
structure iy essentially conhrmed by Cu Ko ditteac tometey, but AES performed by Ovonics andicates the presence
of substantial catbon and oxgen near the front surface Our own measurements. desonbed below | corroborate this
[t ~hould he expected that cuhee Seor Mo owill oadize o some degree when the mimmor s caposed to e bat the
piesenee ot carhon o caerenthy une plamed o may have accumulated durmg deposition or handbiog



Mcasurements of EUV reflectivity of this mimror in our facility are shown in Fig. 2, together with some models
computed n an atiempt W fit the data. A model for the target design is shown as dotted lines in cach pancl.
Labcratory data ai 170X indicaic that the decp layers are behaving almost as predicted by the computations, gen-
craung a peak reflectivity of about 0.30, somewhat less than the 0.35 oredicted for a pure Mo/Si structure How
cever, the data at 3044 indicaic that the wavetrap is not operating as cxpected.

In view of the presence of carbon and oxygen 'n the AES data, a "contaminated” model wa. computed with the
structure above, modificd only in the wavetrap, as follows. Instcad of 2 layer pairs as designed, assume 1 clean
layer pair of SSA Si and 10A Mo, then 45& Si, 104 SiO, 10A Mo (probably Mo oxude, but we have no opuical
constants for that), and 35A C as the front surface. As shown in Fig. 2, this model firs the Laboratory measurements
much better than ke inended “clean” model. Optical constants for SiO were adopied from Windt®, since he com-
ments that his sample, intended 10 be Si, appears similar 1o Si oxide. Approximale agreement between this moedel
and the dawa reassure us that the adopied opucal consiants for the sputicred matcnals are reasonably realisuc, elim.
mnaung onc cxplanation for some failures 10 it our lahoralory data. The discrepancy between (it and data for the
10-layer wavetrap remains.

We conclude that some oxidavon of the front layer(s) of mululayer murrors 1s unavoidable with norr.al handhing.
However, sice carbon on the mululayer substantially degrades the peak reflectivity performance, we inwend to chm-
imate it. Should this not prove possible, we have designed a "diny” wavetrap that uses the carbon layer instead of a
Wwp Mo layer 10 recover the very low reflectivity required at MMA. This “dirty” wavetrap mirmor cannot have as
high a peak reflccuvity at the working wavelength, because carbon 1s vesy absorptive there  Nevertheless, the sens-
uvity of ALEXIS depends on reflectivitees at both the working wavelength and at MMA, and the "diny™ wavelrap
may prove the most sensiuve [casible design.

Mceasurements and cakulations are continuing.  Addisonsl prototypes will be produced by Ovonks belore mul-
ulayers are deposited on the queary flight substrales.
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Figure 1 Block diagram for the system used o obtn LUV reflecnivaty Jata fiow this paper



Keficctivity at 1703 A

Reflectivity at 256 A

01

001

0001

Reflectivity at 304 A

=]

201

N0l

kSR S & , Ty g _]- —y— e .__r.__f_i
)

&
) s .
SR
- \-:\' P
-~ AA . bk -
.‘_‘M-u‘- -, a -
-
A Tl -
) s
[} _""
' !
] -
/
’
* ’
' [ 4
i ’

Ribhtue Bhdats ab ety - Sb 4
»
/
L
[ ]
-
&
is
\»
I.
I‘.
‘.

,,, R
e § e S A
e
f"
{
P
-
-
-
-
-
-
-
L)
~
-— ~
— -
H
[
——
-~
-
—— e
-

—— ~ ¥ ve—y > v—
j
?
’
ool

»
-
I
Pa——
U

. * [ ] . 4 . i

40 60 H0
Glancme Angle (Degprees)

0

=

Figure 2 Compariven of refleetivity data for o sample mirror

and models with Cold hone) and without {(dotted hae) surface
contaminaion by carbon amd oxveen The contanmanted model s
an extra 39 A of carbon on the front surface, and the top 10 A

of the topmost siheon laver oo axuhized Sce text for exaet
deseription of the models



